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The metallographic and fractographic analysis methods were used to study the influence of
the cast metal quality on the causes of the destruction of a railway carriage under high dynamic and
cyclic loads.

As a result of study structure fracture surface of the side frame freight car truck, the detected
elements indicate simultaneous presence of fatigue and static fracture. The focus of nucleation
fatigue crack was a surface defect of casting origin such as a blockage. Volumes with a concentrated
arrangement of gas bubbles and non-metallic inclusions of various nature was found in the  individual
elements of the side frame. As a result of acceleration of moving fatigue crack, there are achievements
of continuous decrease of construction of strength side frame.  The meeting of the fatigue crack with
volumes metal with an increased concentration of gas bubbles and non-metallic inclusions
accelerated the transition to the phase of static fracture. Improving the operational safety of the side
frame is possible by improving the foundry technology of its manufacture and changing the regulatory
documentation to limit non-metallic inclusions and pores in the metal.
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The increasing intensity of freight transport by rail requires the development
of measures to improve operational safety. A component in the complex

process of developing such measures is the explanation of the reasons for
premature withdrawal of rolling stock from service. Increasing the profitability
of transportation by increasing the axle load indicates need to revise requirements
for materials used for the manufacture of rolling stock. In addition to the
chemical composition, for the majority of low-carbon steels, the final structural
state of the product after its completion is significant. Rolled products with a
structural state after hot reduction or thermal hardening in a rolling mill line,
according to most indicators, have a higher range of properties than obtained
by casting technology [1]. An example is the side frame of a freight car truck,
which is manufactured by casting. The resistance of the destruction side frame
metal is determined by the combined effect of factors. One of them is the
rather frequent exceeding restrictions of normative documentation on non-
metallic inclusions, pores, gas bubbles various nature of origin, their shape and
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location in metals. The known results of study causes of destruction products
manufactured by foundry technologies, the most likely places for the formation
of destruction center are metal volumes with a concentrated arrangement of
those defects [2].

Explanation of the cause destruction of the side frame trolley during
operation of the railway transport.

The material for the study was 20GL steel after sampling from the side
frame of the freight wagon trolley after destruction. The chemical composition
of steel, determined by the “Spectrolab” spectrometer was: 0.19% C; 1.14%
Mn; 0.38% Si; 0.01% P; 0.039% S; 0.019% Ni; 0.074% Cr; 0.113% Cu. The
microstructure was investigated using light microscopy techniques [3]. The
study of the fracture surface was carried out in accordance with the methods of
fractographic analysis [2]. The complex of mechanical properties was determined
by the methods and on samples in accordance with the requirements of
OST.32.183-2001.

Based on a comprehensive study metal of the side frame trolley, the
steel according to non-metallic inclusions (Fig. 1a), microstructure (Fig. 1b),
and mechanical characteristics generally met the requirements of OST 32.183-
2001.

A general view of the  fracture  surface  of the  beam is shown in Fig.2a.
Based on the analysis of fatigue lines location and the orientation of the
formed steps [2, 4], the surface defect of foundry origin such as a blockage
should be considered the focus of crack initiation (designation 2, Fig. 2b). A
detailed study showed that this defect has exit to the outer surface of the side
frame. The observed steps (designation 1, Fig. 2b) formed near the indicated
inclusion and their gradual disappearance indicate the growth of a fatigue
crack along several surfaces [2]. Moreover, after combining individual fronts
into one, the fracture process develops with increasing speed, which is confirmed
by an increase in the distance between stops of the fatigue crack (designation
3, Fig. 2b). After reducing the constructive strength of the side frame from the
fatigue crack, conditions begin to create the transition crack growth process to
the next stage. Given that after the completion of incubation phase of the
crack growth, which corresponds to low values of the stress intensity factor at

Fig. 1. Microstructure of steel (a), line and point nitrides (b).
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mouth crack [5], qualitative  changes in the  nature  of crack propagation are
associated with an increase of cyclic loading amplitude. At the same time
signs of cycle fatigue static component    (facets, ridges, etc.) begin to appear
on the  fracture  surface  [2], with a simultaneous increase  of length of crack
front moving.  Indeed, when analyzing the  fracture  surface, especially in part
where  the  stage  of fatigue  crack growth ends on one  surface  (designation 4,
Fig. 2b), the  signs similar radial component of static fracture  are  found [4].
In this case, the  successive  formation of the  ridges and fine  facets occurs.

The asymmetric location of the crack nucleation center relative to the
side walls of the frame (Fig. 2a) should lead to the differences in crack growth
on the opposite walls, which was actually confirmed by the traces from the
front of fatigue crack. In a first approximation, it can be assumed that the
simultaneous presence of nonmetallic inclusions and increased metal porosity
(symbols 1 and 2, Fig. 3) along the crack propagation path caused a violation
of its growth conditions [6]. Similar cases of influence are known from the
results of studies of the fracture surfaces [2]. Based on this, as a result of
decrease in the constructive strength of the side frame  from the presence of
pores, the amplitude of  cycle quickly reached a level for the transition  process
of metal fracture to the phase of  final dynamic destroy. This is indicated by
the presence of steps on the fracture surface and a change in the direction of
movement crack front [7].

Thus, the evidence of formation and development destruction indicates
that improving the operational safety of the side frame of the wagon trolley is
possible due to the improvement of casting technology. At the same time, the
development of amendments to the normative documentation to further limit
the presence of non-metallic inclusions and pores in the metal should be
considered as an additional factor in increasing the life of the side frame.

The  cause  of fracture  side  frame  of the  trolley is crack of fatigue  in
the  corner of region radius R55 on the  inner side  of the  supporting surface
from the presence of a non-metallic inclusion, with a size significantly exceeding
regulatory restrictions.

Fig. 2. General view of the fracture surface side frame (a) and selected area (A) with place of origin fatigue
crack (b): 1 - steps, 2 - non-metallic inclusion, 3 - front of the fatigue crack, 4 - signs of static fracture.
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The presence in a separate volume metal of a side frame of the trolley
concentrated porosity and non-metallic inclusions of various nature  of origin
was the  reason for accelerated transition fracture  process to  the  phase  of a
static destruction.

Література

1. Fracture. An Advanced Treatise. Volume  VI (Fracture  of metals). Edit. H. Liebowitz.
Academic Press, N-York and London, 1969.

2. Fractography and Atlas of Fractographs. Metals handbook, 8th Edition // American Society
for Metals. – 1974. – Vol. 9.

3. Âàêóëåíêî ².Î. Ñòðóêòóðíèé àíàë³ç â ìàòåð³àëîçíàâñòâ³. – Äí-ñüê: Ìàêîâåöüêèé, 2010. – 124 ñ.
4. Òðîùåíêî Â.Ò. Óñòàëîñòü è íåóïðóãîñòü ìåòàëëîâ. – Ê: Íàóêîâà äóìêà, 1971. – 267ñ.
5. Óñòàëîñòü è âÿçêîñòü ðàçðóøåíèÿ. Ðåä. Èâàíîâà Â.Ñ., Ãóðåâè÷ Ñ.Å. – Ì.: Íàóêà, 1974. – 282ñ.
6. Vakulenko I., Vakulenko L., Proydak S. The influence of nonmetallic inclusion on

strain hardening carbon steel. Scientific Journal of Silesian University of Technology/
Transport. – 2019. – Vol.103. – P.193-198. https://doi.org/10.20858/sjsutst.2019.103.15

7. Vakulenko I., Lisnyak A., Griaznova L., Bolotova D. Influence of shock wave treatment
on fatigue  carbon steel. Proc. Enter disciplinary Sci. Conf. “Multifactor approaches to
the formation of a comfortable environment“, Netanya, Israel, 2017. – P.142-154.

References

1. Fracture. An Advanced Treatise. Volume  VI (Fracture  of metals). Edit. H. Liebowitz.
Academic Press, N-York and London, 1969 [in English].

2. Fractography and Atlas of Fractographs. Metals handbook, 8th Edition, vol. 9. American
Society for Metals, 1974 [in English].

3. Vakulenko ².O. Strukturniyj anal³z  v mater³aloznavstv³ (Structural analysis in metal
science), Donetsk, Makovecjkiyj, 2010, 124 p. [in Ukrainian].

4. Trothenko V.T. Ustalostj i neuprugost metallov (Fatigue and inelasticity of metals),
Kyiv, Naukova dumka, 1971, 267 p. [in Russian].

5. Ivanova V.S., Gurevich S.E Ustalost i vyazkostj razrusheniya (Fatigue  and viscous
fracture), Moskva, Nauka, 1974, 282 p. [in Russian].

6. Vakulenko I., Vakulenko L., Proydak  S. The influence of nonmetallic inclusion on
strain hardening carbon steel. Scientific Journal of Silesian University of Technology,
2019, Vol.103, pp.193-198 [in English].https://doi.org/10.20858/sjsutst.2019.103.15.

Fig. 3. The fracture surface (region B, Fig. 2a) with an increased concentration of non-metallic inclusions (1)
and porosity (2) - (a); brooky pattern (1), facets (2), secondary crack (3) and metal discontinuities (4) - (b).
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Î ïðè÷èíå ðàçðóøåíèÿ áîêîâîé ðàìû òåëåæêè âàãîíà

Ðåçþìå

Ìåòîäàìè ìåòàëëîãðàôè÷åñêîãî è ôðàêòîðãàôè÷íîãî àíàëèçà èññëåäîâàíî âëèÿíèå
êà÷åñòâà ëèòîãî ìåòàëëà íà ïðè÷èíû ðàçðóøåíèÿ òåëåæêè æåëåçíîäîðîæíîãî âàãîíà â
óñëîâèÿõ ýêñïëóàòàöèè âûñîêèõ äèíàìè÷åñêèõ è öèêëè÷åñêèõ íàãðóçîê.

Â ðåçóëüòàòå èññëåäîâàíèÿ ñòðîåíèÿ ïîâåðõíîñòè ðàçðóøåíèÿ áîêîâîé ðàìû òåëåæêè
ãðóçîâîãî âàãîíà èç ñòàëè 20ÃË, îáíàðóæåííûå ýëåìåíòû óêàçûâàþò íà îäíîâðåìåííîå
ïðèñóòñòâèå óñòàëîñòíîãî è ñòàòè÷åñêîãî ðàçðóøåíèÿ. Î÷àãîì çàðîæäåíèÿ óñòàëîñòíîé
òðåùèíû ÿâèëñÿ ïîâåðõíîñòíûé äåôåêò ëèòåéíîãî ïðîèñõîæäåíèÿ òèïà çàñîðà. Â
îòäåëüíûõ ýëåìåíòàõ áîêîâîé ðàìû îáíàðóæåíû îáúåìû ñ ñîñðåäîòî÷åííûì
ðàñïîëîæåíèåì ãàçîâûõ ïóçûðåé è íåìåòàëëè÷åñêèõ âêëþ÷åíèé ðàçëè÷íîé ïðèðîäû
ïðîèñõîæäåíèÿ. Â ðåçóëüòàòå ïðîäâèæåíèÿ óñòàëîñòíîé òðåùèíû ïðîèñõîäèëî
íåïðåðûâíîå ñíèæåíèå êîíñòðóêòèâíîé ïðî÷íîñòè áîêîâîé ðàìû, à âñòðå÷à ñ îáúåìàìè
ìåòàëëà ñ ïîâûøåííîé êîíöåíòðàöèåé ãàçîâûõ ïóçûðåé è íåìåòàëëè÷åñêèõ âêëþ÷åíèé
óñêîðèëà ïåðåõîä â ôàçó ñòàòè÷åñêîãî ðàçðóøåíèÿ. Ïîâûøåíèå ýêñïëóàòàöèîííîé
áåçîïàñíîñòè áîêîâîé ðàìû âîçìîæíî çà ñ÷åò ñîâåðøåíñòâîâàíèÿ ëèòåéíîé òåõíîëîãèè
åå èçãîòîâëåíèÿ è èçìåíåíèÿ íîðìàòèâíîé äîêóìåíòàöèè ïî îãðàíè÷åíèþ íåìåòàëëè÷åñêèõ
âêëþ÷åíèé è ïîð â ìåòàëëå.

Êëþ÷åâûå ñëîâà: òðåùèíà, óñòàëîñòü, ðàçðóøåíèå, íåìåòàëëè÷åñêèå âêëþ÷åíèÿ,
ïîðû.
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Ïðî ïðè÷èíè ðóéíóâàííÿ á³÷íî¿ ðàìè â³çêà âàãîíà

Àíîòàö³ÿ

Ìåòîäàìè ìåòàëîãðàô³÷íîãî ³  ôðàêòîðãàô³÷íîãî àíàë³çó äîñë³äæåíî âïëèâ ÿêîñò³
ëèòîãî ìåòàëó íà ïðè÷èíè ðóéíóâàííÿ â³çêà çàë³çíè÷íîãî âàãîíó çà óìîâ åêñïëóàòàö³¿
âèñîêèõ äèíàì³÷íèõ ³ öèêë³÷íèõ íàâàíòàæåíü.

Â ðåçóëüòàò³ äîñë³äæåííÿ ïîâåðõí³ ðóéíóâàííÿ áîêîâî¿ ðàìè â³çêà âàíòàæíîãî
âàãîíà ç³ ñòàë³ 20ÃË âèÿâëåí³ åëåìåíòè, ùî âêàçóþòü íà îäíî÷àñíó ïðèñóòí³ñòü âòîìíîãî
³ ñòàòè÷íîãî ðóéíóâàííÿ. Îñåðåäêîì çàðîäæåííÿ òð³ùèíè âòîìè áóâ ïîâåðõíåâèé äåôåêò
ëèâàðíîãî ïîõîäæåííÿ òèïó çàñîðó. Â îêðåìèõ åëåìåíòàõ áîêîâî¿ ðàìè âèÿâëåí³ îá’ºìè
ç çîñåðåäæåíèì ðîçòàøóâàííÿì ãàçîâèõ ïîðîæíèí ³ íåìåòàëåâèõ âêëþ÷åíü ð³çíî¿ ïðèðîäè
ïîõîäæåííÿ. Â ðåçóëüòàò³ ïðîñóâàííÿ òð³ùèíè âòîìè â³äáóâàëîñÿ áåçïåðåðâíå çíèæåííÿ
êîíñòðóêòèâíî¿ ì³öíîñò³ áîêîâî¿ ðàìè, à çóñòð³÷ ¿¿ ç îá’ºìàìè ìåòàëó ç ï³äâèùåíîþ
êîíöåíòðàö³ºþ ãàçîâèõ ïîðîæíèí ³ íåìåòàëåâèõ âêëþ÷åíü ïðèñêîðèëà ïåðåõ³ä â ôàçó
ñòàòè÷íîãî ðóéíóâàííÿ. Ï³äâèùåííÿ åêñïëóàòàö³éíî¿ íàä³éíîñò³ áîêîâî¿ ðàìè ìîæëèâå
çà ðàõóíîê âäîñêîíàëåííÿ ëèâàðíî¿ òåõíîëîã³¿ ¿¿ âèãîòîâëåííÿ òà âíåñåííÿ çì³í ó
íîðìàòèâíó äîêóìåíòàö³þ ùîäî îáìåæåííÿ âì³ñòó íåìåòàëåâèõ âêëþ÷åíü ³ ïîð ó ìåòàë³.
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